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Abstract
The first hypothesis was self-regulation and future orientation would mediate the effects of age
on delay discounting. The second hypothesis was future orientation would be a stronger mediator
than self-regulation of the effects of age on delay discounting. The third hypothesis was
sensation seeking would moderate these mediation effects. A total of 216 participants, ranging
from 12 years old to 18 years old, completed the Future Orientation Scale (Steinberg, Graham,
O’Brien, Woolard, Cauffman, & Banich, 2009), the Self-Regulation Questionnaire (Neal &
Carey, 2005), the UPPS Impulsive Behavior Scale (Whiteside & Lynam, 2001), the Original
Monetary Choice Questionnaire (Kirby, Petry, & Bickel, 1999), and the general demographics
survey on Inquisit. Andrew Hayes’ (2013) PROCESS program was used to analyze mediation
and moderated mediation models. Mediation and moderated-mediation were not supported. It’s
possible a restriction in age range, selection bias and/or attrition bias, and inappropriate
measurement of delay discounting led to null results. Furthermore, using longitudinal designs
and including multiple measures of self-regulation, future orientation, and delay discounting in
future research may better represent adolescents’ decision making.
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The Effects of Future Orientation, Self-Regulation, and Sensation Seeking on Delay Discounting
during Adolescence
There seems to be a change in delay discounting during adolescence since the rates of
discounting delayed rewards tends to decrease until approximately age 21 (Steinberg, Graham,
O’Brien, Woolard, Cauffman, & Banich, 2009). The reasoning behind this change is still being
explored by researchers. By utilizing existing theoretical models that help explain adolescent
behaviors, researchers may better understand the maturation effect on delay discounting.
Steinberg’s (2008) dual system model helps explain adolescent decision making. The model
describes how a neurological interaction between cognitive control systems and socioemotional
systems influences adolescent behaviors. The aim of this study was to evaluate this theoretical
dual system model by testing a proposed moderated mediation model. The moderated mediation
model investigated the maturation effects on delay discounting through self-regulation, future
orientation, and sensation seeking. The mediators, self-regulation and future orientation,
represented cognitive control systems. The moderator, sensation seeking, represented a
socioemotional system. Lastly, delay discounting represented decision making.
Maturation Implications of Delay Discounting
Delayed discounting is a construct involving impulsivity and indicates the process of
decision making. Delay discounting refers to the preference for a smaller, immediate reward over
a larger, delayed reward (Towe, Hobkirk, Ye, & Meade, 2015). The preference occurs when the
delayed reward’s value subjectively decreases as the time it will take to obtain the reward
increases.
Individuals display discontinuity in delay discounting tendencies across the lifespan,
meaning individuals may delay discount at any given age, but the frequency of displaying this
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tendency is different during specific life periods (Lerner, Lewin-Bizan, & Warren, 2011; Read &
Read, 2008). Middle-aged adults have a lower inclination to devalue delayed rewards than do
younger and older people (Gollner, Ballhausen, Kliegel, & Forstmeir, 2018). This frequency
difference in delay discounting across the lifespan is attributed to cognitive abilities and implies
middle-aged adults more frequently use higher cognitive capacities (e.g. mental processing in the
prefrontal cortex) than do younger and older individuals (Hirsh, Morisano, & Peterson, 2008).
Gollner and colleagues’ (2018) cross-sectional study included participants who ranged from nine
to 25 years old. Their analysis indicated a negative correlation between age and delay
discounting - as age increased, delay discounting tendencies decreased. These results converge
with another cross-sectional study conducted by Steinberg and others (2009). Delay discounting
rates lowered as the age of the participants increased, particularly between ages 12 and 21 years
old.
Development of Higher Cognitive Capacities
As previously mentioned, age differences in delay discounting partly result from
differences in higher order cognitions (i.e. cognitions that are more reflective and flexible than
reflexive and automatic) (Hirsh et al., 2008). Higher order cognitions such as self-regulation and
future orientation are relevant to delay discounting since an individual does not engage in selfregulation and opts against a future, larger reward in favor of a more short-term reward. To better
understand the decision-making process during delay discounting, it’s important to describe in
detail the concepts of self-regulation and future orientation.
Self-Regulation. Self-regulation refers to the ability to exert effortful control over
personal behavior and/or emotions. Understanding the development of self-regulation can aid in
predicting impulsivity/delay discounting during adolescence (Bandura, 1982). Self-regulation
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can be divided into two categories that are separate, yet interactive: top-down and bottom-up
processes (Bridgett, Burt, & Edwards, 2015). The top-down processes include behavioral selfregulation and emotional self-regulation. Behavioral self-regulation is referred to as effortful
control, self-control, and executive functioning (Gottfredson & Hirschi, 1990; Miyake &
Friedman, 2012; Rothbart, Ellis, Rueda, & Posner, 2003) whereas emotional self-regulation
involves reappraisal or suppression strategies (Gross, 2015). The bottom-up processes are
behavioral inhibition/fear and impulsivity. Behavior inhibition/fear is a reactive, automatic
mechanism identified by reserving and cautious behaviors. Individuals high in behavioral
inhibition self-regulation tend to display shy and fearful behaviors (Calkins, Fox, & Marshall,
1996). This is distinguished from impulsivity, which is a reactive, automatic, under-controlled
behavior (Eisenberg, Edwards, Spinrad, Sallquist, Eggum, & Reiser, 2013). Impulsivity occurs
when an individual automatically regulates behavior without much consideration (Sharma,
Markon, & Clark, 2014). Figure 1 displays a visual organization of the different categories.
Activation of the top-down self-regulation processes occurs in the frontal lobes and the
anterior cingulate cortex, while bottom-up processes activate the subcortical structures, such as
the amygdala and hippocampus. Developmental improvements in brain connectivity results in
overall improvement in self-regulation. Earlier in development (i.e. late infancy and
toddlerhood), the bottom-up processes are greater than the top-down processes, but top-down
processes strengthen over time (i.e. in adolescence through early adulthood) and eventually
regulate the subcortical structures (Bridgett et al., 2016).
Self-regulation requires monitoring internal and external cues allowing one to adapt
accordingly to obtain personal goals (Moilanen, 2007). Thus, the development of self-regulation
depends on environmental situations and an individual’s cognitive abilities (Dinsmore,

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

4

Alexander, & Loughlin, 2008). To accurately predict an individual’s delay discounting
tendencies with self-regulation, one must consider how well the top-down process has developed
and the magnitude of the external cue.

Self-Regulation

Top-Down

Behavioral

Bottom-Up

Emotional

Behavioral
Inhibition/Fear

Impulsivity

Figure 1. The broad categories of self-regulation.
Future Orientation. Since delay discounting involves a decision based on the present
and the future, future orientation is also important to consider. Future orientation is the way
individuals view their future, including how far into the future individuals thinks, what
individuals thinks is important, and individuals’ level of optimism about the future (Nurmi,
2005). Future orientation is a multidimensional construct, meaning it has several criterions that
develop independently to create a cohesive perspective (Baltes, 1987; Werner, 1957). This
concept is depicted in Figure 2. Future orientation is comprised of three facets: cognitive,
motivational, and affective. The cognitive dimension includes the ability to plan, anticipate, and
acquire knowledge. The motivational dimension shapes the cognitive aspects with influences of
values, interest, and concerns. The last dimension is the affective addition of emotions such as
optimism, hope, pessimism, and despair. Previous research shows those who are more oriented

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

5

to the future discount future rewards less than those less oriented to the future (Steinberg et al.,
2009). Therefore, it is pertinent to examine future orientation as it relates to delay discounting.

Cognitive
• Abilities
• Knowledge

FO
Motivation
• Values
• Interests

Affect
• Hope
• Despair

Figure 2. The orthogonal dimensions of future orientation (FO) interacting to create a single
construct.
Co-Development of Future Orientation and Self-Regulation. From the dialectical
perspective of nature and nurture, there is an interaction of biological and social reasons that
influence why self-regulation and future orientation co-develop during adolescence (Sameroff,
2010). Steinberg (2008) argues the adolescent brain undergoes three changes that explain how
future orientation and self-regulation develop at the same time: 1) the decrease in prefrontal gray
matter indicates the removal of unused neural pathways and allows for improvements in basic
information processing, 2) the increase in prefrontal white matter reflects myelination and is
associated with improvements in executive functioning (such as planning ahead, response
inhibition, and filtering through information coming from multiple sources) and 3) the increased
connectivity between cortical and subcortical areas facilitate in the regulation of affect and
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cognition. The addition of social pressures and cultural allowance of autonomy creates
opportunities to practice self-regulation and future orientations, thus prompting further
development over time (Nurmi, 2005). Biological maturation and cultural norms create an
important period of growth for self-regulation and future orientation.
Existing literature supports that future orientation influences the development of selfregulation in adolescents. Schmid and colleagues (2011) observed that hopeful expectations of
the future and self-regulation were strong predictors of positive youth development. With the use
of structural equation modeling, they explained that the earlier an adolescent develops hopeful
expectations of the future, the more self-regulation abilities he or she will develop later in life.
Hoyle and Sherrill (2006) argue future orientation sets the behavior standards which selfregulation works toward. Future orientation could be a guiding force of self-regulation and
therefore more predictive of delay discounting. Self-regulation is a broad construct that is
relevant in many settings, not just future related situations. Therefore, it may be unfair to say
future orientation is the sole reason behind the general development of self-regulation, but as it
pertains to delay discounting and other future-related decisions, it is likely a guiding force.
Dual System Model. Although adolescents are gaining cognitive control, such as selfregulation abilities and orienting themselves to the future, another powerful brain circuit is
developing as well. The circuit that governs sensitivity to rewards and promotes sensation
seeking becomes heavily activated in early adolescence. According to Steinberg’s (2008) dual
system model, this brain circuit is referred to as the socioemotional system and it processes
rewards in the striatum and prefrontal cortex (Shulman et al., 2016). The socioemotional system
develops in an inverted-parabola pattern with an increased sensitivity toward rewards from the
onset of puberty until approximately 18 years of age, followed by a decline of reward sensitivity
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from 18 years old into emerging adulthood. In contrast to the socioemotional system, the
aforementioned cognitive control system activates the prefrontal, parietal, and anterior cingulate
cortices. The cognitive control system continues to strengthen with age and suppresses the
arousal from the socioemotional system. Figure 3 illustrates the developmental trajectories of the
two brain circuits in this dual system model. Steinberg’s (2008) dual system model theorizes that
adolescents’ risky behavior (including impulsivity and delay discounting) is due to increased
sensitivity to rewards without the cognitive control system being strong enough to overpower
this sensitivity until emerging adulthood. The desire for an immediate reward may be more
powerful than the cognitive control systems, and it’s expected that delay discounting will be
high, while future orientation and self-regulations are low.

Figure 3. The dual system model depicts the socioemotional system peaking at approximately 18
years old and the cognitive control system eventually developing enough to subdue sensitivity to
rewards.
Sensation Seeking. Sensation seeking, a variable involved in the socioemotional system,
was originally defined as “the need for varied, novel, and complex sensations and experiences,
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and the willingness to take physical and social risks for the sake of such experiences”
(Zuckerman, 1979, p. 10). Arnett (1994) later added that sensation seeking is more than a need,
but actually a predisposition with probabilistic epigenetics, meaning the predisposition will be
expressed or suppressed depending on how an individual’s genetic makeup interacts with the
environment (Gottlieb, 1992). Sensation seeking tends to be triggered by the onset of puberty
(Shulman et al., 2016), which occurs on average around age 10 (German, Shmoish, & Belsky,
2018). Hormones during puberty change neural structures, specifically the limbic regions that are
associated with dopamine and processing the pleasure of rewards. In accordance with
Steinberg’s (2008) dual system model, sensation seeking may override cognitive control systems
early in adolescence, which is relevant when analyzing adolescent decision making.
Steinberg and colleagues (2009) confirmed that around age 13, qualitative shifts occur in
future orientation, which may be due to the activation of the socioemotional system. From ages
10-13, adolescents show declines in anticipating consequences and then from 13-25 years old
there is a positive linear trend (indicating at around age 13 teenagers begin thinking about
consequences at increasing rates with age). Similar patterns show a decline in overall future
orientation scores from age 10-13 and then substantial inclines from age 14- 25. This shift
around age 13 is also reflected in delay discounting. From ages 10-13, participants preferred the
immediate small rewards over delayed large rewards at increasing rates, then at age 14 began to
prefer the future reward more often. These patterns suggest that the onset of puberty and
sensitivity to rewards may overpower future orientation and self-regulation when making
decisions about the future for at least a few years.
Sex Comparison. Although the dual system model accounts for the general
developmental patterns of the cognitive control and socioemotional systems, there are some sex
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differences observed. Research suggests that males may experience prolonged time periods of
sensation seeking and impulsivity compared to females (Shulman, Harden, Chein, & Steinberg,
2014). Females’ sensation seeking tendencies peak earlier than males and declines quicker.
Additionally, males tend to experience higher levels of sensation seeking than females. These
differences may be due to the dissimilarities of puberty hormones between the sexes.
For instance, sex differences are displayed when comparing pubertal status and sensation
seeking (Steinberg et al., 2008). For males, there are differences in sensation seeking, depending
on the stage of puberty, regardless of age. As puberty progresses, levels of sensation seeking
increase in males. For females, there is no difference in sensation seeking during different stages
of puberty, even when accounting for age.
Comparative psychology studies with mice indicate the dopaminergic system (prevalent
in the socioemotional system) undergoes changes during preadolescence and then again in early
adolescence (Sisk & Foster, 2004). During preadolescence, male rodents endure a larger
reduction of dopamine receptors than females. Then dopamine receptors redistribute during early
adolescence at a higher rate than any other developmental period, among both sexes. Since males
experience a more dramatic shift in dopamine receptors during this period than females, it may
help explain the higher levels of sensation seeking in males.
The Current Study
During adolescence, humans undergo multiple neurobiological changes that reflect as
changes in behavior. The current study set out to analyze behavioral differences among
adolescents and a possible influence of cognitive tendencies. Considering self-regulation and
future orientation as higher order cognitions (involving abstract thinking and relying less on
primitive reflexes) that strengthen during adolescent neurobiological development, this study

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

10

evaluated these variables’ predictive value on decisions (e.g. delay discounting). This study also
includes an element of an adolescent’s socioemotional development by analyzing how sensation
seeking interacts with the influences of self-regulation and future orientation on delay
discounting.
Proposed Mediation
The current study proposes self-regulation and future orientation mediate the relation
between age and delay discounting during adolescence. Using terminology outlined by Hayes
(2009), it is proposed that there is a total effect of maturation leading to less delay discounting
(i.e. more preference for a larger delayed reward than an immediate lesser reward) across
adolescence. However, the total effect of age on delay discounting is the sum of the direct effect
and the product of two indirect pathways. The indirect pathways include the maturation effect of
self-regulation and future orientation, as well as the effect of self-regulation and future
orientation on delay discounting. Figure 4 displays the proposed mediation model.

Figure 4. A proposed mediation model. DD = delay discounting, SR = self-regulation, and FO =
future orientation.
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The first hypothesis stated that self-regulation and future orientation would mediate the
maturation effects of delay discounting during adolescence. These two variables represented the
cognitive control system, attempting to evaluate Steinberg’s (2008) dual system model and its
ability to predict adolescent decision making. Two mediation models were analyzed (one
investigating self-regulation and one examining future orientation). The second hypothesis stated
future orientation would more predictive of delay discounting than self-regulation. Since delay
discounting is a decision between the present and future, future orientation was expected to have
a stronger mediation relation between maturation and delay discounting than self-regulation.
Self-regulation and future orientation were run parallel in a single mediation model and analyzed
which was more predictive of delay discounting. The third hypothesis was sensation seeking
would moderate the effects of future orientation and self-regulation on delay discounting.
Sensation seeking represented the socioemotional system in Steinberg’s (2008) dual system
model and was expected to alter the cognitive control system’s influence on delay discounting. It
was predicted that participants with higher sensation seeking and low self-regulation/future
orientation scores would devalue delayed rewards more than participants with lower sensation
seeking scores. Figure 5 represents the moderating mediation model. Sex was entered as a
control variable.
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Figure 5. The indirect pathway of sensation seeking (SS) moderating FO and SR on DD.
Method
Participants
Data were collected from 247 adolescents across the United States, with the majority (n =
152) residing in the Midwest (Iowa, Illinois, Indiana, Kansas, Michigan, Minnesota, Missouri,
North Dakota, Nebraska, Ohio, South Dakota, and Wisconsin). Table 1 presents the descriptive
statistics of the sample’s reported residency. The final sample was comprised of 216 participants
after the deletion of duplicate response IDs, surveys with 1% or less completion, surveys with
only demographic data, and/or those who were over 18 years old. The sample ranged from 12
years to 18 years of age (M = 14.71, SD = 1.82) and information on age is displayed in more
detail in Table 2. Seventy-five participants identified as male (34.7%), 139 as female (64.4%),
one as non-binary (.5%), and one participant did not report a gender (.5%).
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Table 1
Region of Residency
Region
Frequency Percent
Southeast- AL, AR, FL, GA, KY, LA, MS, NC, SC, TN, VA, WV 58
26.9
Northeast- CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT

1

0.5

Midwest- IA, IL, IN, KS, MI, MN, MO, ND, NE, OH, SD, WI

152

70.4

West- AK, CA, CO, HI, ID, MT, NV, OR, UT, WA, WY

2

0.9

Southwest- AZ, NM, OK, TX

1

0.5

Prefer not to say

1

0.5

Missing

1

0.5

Note. The regions of residency for participants.

Table 2
Age of Participants
Age Frequency Percent
12
36
16.7
13

31

14.4

14

30

13.9

15

29

13.4

16

50

23.1

17

32

14.8

18

8

3.7

Note. The age of participants.
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Materials
Demographics. Demographic information was obtained by utilizing the general
demographics survey on Inquisit. The 14 demographic items included questions about gender,
age, ethnicity, education, household information (i.e., “How many people live in your
household”) and socioeconomic status (i.e., “Are you currently employed for wages”).
Future orientation. Participants completed the Future Orientation Scale (Steinberg,
Graham, O’Brien, Woolard, Cauffman, & Banich, 2009). There is evidence of reliability and
validity for scores on the Future Orientation Scale (Steinberg et. al., 2009). Items were displayed
as 15 pairs of statements (α = .80), such as, “Some people like to plan things out one step at a
time,” but “other people like to jump right into things without planning them out beforehand.”
Participants chose which statement most accurately described themselves. Then they were asked
if the previous item was sort of true for me or really true for me. A 4-point Likert scale was
created and ranged from 1 (low future orientation) to 4 (high future orientation). The scale was
coded into mean scores. Participant’s whose data was beyond three standard deviations from the
mean were considered outliers and removed from the scale.
Self-regulation. Self-regulation was measured with the Self-Regulation Questionnaire
(Neal & Carey, 2005). There is evidence of reliability and validity for scores on the SelfRegulation Questionnaire (Pichardo, Justicia, de la Fuente, Martinez-Vicente, & Berben, 2014).
It consists of 19 items (i.e., I usually keep track of my progress toward goals), nine of which
were reverse coded (i.e., I don’t notice the effects of my actions until it’s too late.) Each item was
presented on a 5-point Likert scale ranging from strongly disagree to strongly agree. Ultimately,
all nine reverse coded items were deleted to achieve an acceptable Cronbach’s alpha (α = .79).
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Scores were then summed and averaged from the remaining 10 items. Higher scores indicate
higher levels of self-regulation and lower scores represent lower levels of self-regulation.
Sensation seeking. A subscale within the UPPS Impulsive Behavior Scale (Whiteside &
Lynam, 2001) was used to measure sensation seeking. There is evidence of reliability and
validity for scores on the UPPS Impulsivity Behaviors Scale (Cyder, Littlefield, Coffey, &
Karyadi, 2015)). This portion of the UPPS Impulsive Behavior Scale was comprised of 12 items
and included statements such as, “I generally seek new and exciting experiences and sensations”
and “I’ll try anything once.” Each item was presented on a 5-point Likert scale ranging from
strongly disagree to strongly agree. The scale resulted in a Cronbach’s alpha of .88. Then the
scale was coded into mean scores; low scores represent lower levels of sensation seeking and
high scores represent higher levels of sensation seeking.
Delay discounting. Delay discounting was measured by the Original Monetary Choice
Questionnaire (Kirby, Petry, & Bickel, 1999). There is evidence of reliability and validity for
scores on the Original Monetary Choice Questionnaire (Myerson, Baumann, & Green, 2014).
The participants chose between a smaller immediate reward and a larger delayed reward. One
item presented the choice of “$28 today” or “$30 in 179 days.” After 27 choices, a pattern
emerged that identified when the participant was likely to delay discount. This pattern was
referred to as the participants’ hyperbolic discount parameter (i.e., k value) and was calculated by
Vimmediate = Vdelayed / (1+kD). V was the reward value in dollars and D was the length of delay in
days. Higher k values represented participants who preferred immediate, small rewards and
lower k values represented those who preferred delayed, larger rewards. K values were averaged
(ranging from .00 to 0.25) then ranked (e.g., values .00016 to .00040 were rank 2) to create 10
ranks ranging from 1 (lowest) to 10 (highest).
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Procedure
Participants were recruited via online postings and advised the survey would take
approximately an hour to complete, although each participant could pause and resume later. The
survey was primarily on Qualtrics, but the behavioral computerized tasks were programmed in
Inquisit. Participants were automatically re-directed to the Inquisit tasks at the conclusion of the
survey portion. After completing the behavioral tasks, participants were taken to a new Qualtrics
survey in order to enter their contact information for the reward gift card. After reading the
consent screen, a warning page informed the participant some questions may be perceived as
personal and to obtain a private setting before beginning the survey. Participants were offered an
incentive and advised money could be earned throughout the computerized behavioral tasks.
After completing the battery, each participant was provided a gift card of $15.
Data analysis plan. The first hypothesis stated self-regulation and future orientation
would mediate the effects of age on delay discounting during adolescence. This hypothesis was
tested in SPSS, using model four in Andrew Hayes’ (2013) PROCESS program. Model four is a
mediation model that analyzes the direct effect of age on delay discounting in addition to the
indirect effect of age on delay discounting through self-regulation and/or future orientation. A
separate analysis was used for each mediator and the sex of the participant was statistically
controlled for and entered as a control variable within the model.
The second hypothesis stated future orientation would be more predictive of delay
discounting than self-regulation. To test this hypothesis, future orientation and self-regulation
were tested as parallel mediators (i.e., both mediators were inputted into a model simultaneously)
in model four of PROCESS (Hayes, 2013). Contrasts between the mediators indicated whether
the indirect effects were stronger for self-regulation or future orientation and thus which
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mediator was more predictive of delay discounting. The sex of the participant was statistically
controlled in the analysis.
The third hypothesis stated sensation seeking would moderate the effects of future
orientation and self-regulation on delay discounting. This hypothesis was tested in SPSS, using
model 14 in Andrew Hayes’ (2013) PROCESS program. Model 14 is a moderated mediation
model. It analyzed the direct effect of age on delay discounting, while also evaluating the
conditional indirect effect of age on delay discounting through sensation seeking as a moderator
and self-regulation and/or future orientation as a mediator. A parallel mediation with a moderator
was used and the sex of the participant was a controlled variable within the model.
Results
Preliminary Analyses
Descriptive statistics. Preliminary analyses indicated there are no violations for the
assumption of normality. All variables fell within the range of -2.00 thru +2.00 for skewness and
fell within the -7.00 thru +7.00 range for kurtosis. Table 3 displays the descriptive statistics for
all the variables and the table includes means, standard deviation, skewness, kurtosis, and range.
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Table 3
Descriptive Statistics for Predictor Variables and Outcome Variable
Age

Sex

SR

Mean

14.71

1.35

3.67 2.95 8.31 6.13

Standard Deviation

1.82

.48

.53

.51

.57

2.26

Skewness

-.09

.63

.11

-.25

-.12

-.99

Kurtosis

-1.21 -1.62 -.29

-.26

-.47

.26

Range

6.00

1.00

FO

SS

DD

2.70 2.50 4.00 9.00

Note. Descriptive statistics for variables. SR = self-regulation, FO = future orientation, SS =
sensation seeking, and DD = delay discounting. * = statistical significance.
Assessment of multicollinearity. The assumption of multicollinearity is violated for
self-regulation and future orientation (r = .56, p < .001). To help the interpretation of which
variable is a stronger mediator for delay discounting, the parallel mediation model was set to
analyze a pairwise contrast of indirect effects between self-regulation and future orientation.
Zero-order correlations between all variables are listed in Table 4.
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Table 4
Bivariate correlations between variables
Age

Age Sex

SR

FO

SS

DD

.03

.03

.09

-.03

-.04

-.16* -.28*

.09

.07

.56*

-.03

-.16*

Sex
Self-Regulation
Future Orientation
Sensation Seeking

-.16* -.18*
-.05

Note. The effects of age on delay discounting scores through self-regulation and future
orientation. * = statistical significance.
Mediation
The first hypothesis stated self-regulation and future orientation would mediate the
relation between age and delay discounting, while controlling for sex. Mediation was not
supported for self-regulation (R2 = .03, F (3,145) = 1.48, p = .22) or future orientation (R2 = .03,
F (3,141) = 1.51, p = .22). Mediation models are displayed in Figure 6 and results are listed in
Table 5 and Table 6 respectively.
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Figure 6. Results of the mediation models. b = unstandardized regression coefficient and * =
statistical significance. SR = self-regulation, FO = future orientation, and DD = delay
discounting.
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Table 5
Regression Coefficients, Standard Errors, and Summary Information for Mediation Model with
Age-Related Maturation as a Predictor, Self-Regulation as a Mediator, and Delayed
Discounting as an Outcome
Consequent
Self-Regulation
Antecedent

Delay Discounting

b

SE

95% CI

b

SE

95% CI

Age

-.01

.02

-.06, +.04

-.07

.11

-.28, +.14

Sex

-.20

.10

-.39, -.00

+.13

.42

-.70, +.96

-.69

.36

-1.39, +.02

Self-Regulation

R2 = .03

R2 = .03

F(2,146) = 2.13, p = .12 F(3,145) = 1.48, p = .22
Note. b = unstandardized regression coefficient and 95% CIs = lower and upper confidence
intervals from 5,000 bootstrap samples.
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Table 6
Regression Coefficients, Standard Errors, and Summary Information for Mediation Model with
Age-Related Maturation as a Predictor, Future Orientation as a Mediator, and Delayed
Discounting as an Outcome
Consequent
Future Orientation
Antecedent

Delay Discounting

b

SE

95% CI

b

SE

95% CI

Age

.03

.03

-.02, +.07

-.02

.11

-.23, +.20

Sex

-.36

.09

-.54, -.18

-.01

.45

-.89, +.87

-.77

.38

-1.53, -.01

Future Orientation

R2 = .10

R2 = .03

F(2,142) = 8.02, p < .001 F(3,141) = 1.51, p = .22
Note. b = unstandardized regression coefficient and 95% CIs = lower and upper confidence
intervals from 5,000 bootstrap samples.
The second hypothesis stated future orientation would be a stronger predictor of delay
discounting than self-regulation. Although mediation was not supported for either mediator (R2 =
.04, F (4,134) = 1.53, p = .20), the pathway from future orientation to delay discounting
(b = -.77, t (4,134) = 1.40, p = .16) had a higher coefficient than the pathway between selfregulation and delay discounting (b = -.69, t (4,134) = .73, p = .47). The pairwise contrasts of
indirect effects indicated there was not a statistically significant difference between the power of
each mediator (b = .03, [-.03, +.09]). The parallel mediation model is featured in Figure 7.
Further results from the parallel mediation model are presented in Table 7. Although statistically
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insignificant, bivariate correlations indicated future orientation had a higher correlation with
delay discounting (r = -.18, p < .05) than self-regulation had with delay discounting (r = -.16, p <
.05). Correlations between variables are presented in Table 4.

Figure 7. The parallel mediation model with pathways labeled. b = unstandardized
regression coefficient and * = statistical significance. SR = self-regulation, FO = future
orientation, SS = sensation seeking, and DD = delay discounting.
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Table 7
Regression Coefficients, Standard Errors, and Summary Information for Parallel Mediation
Model with Age-Related Maturation as a Predictor, Self-Regulation and Future Orientation as a
Mediator, and Delayed Discounting as an Outcome
Consequent
Self-Regulation
Antecedent

Future Orientation

Delay Discounting

b

SE

95% CI

b

SE

95% CI

b

SE

95% CI

Age

-.01

.03

-.06, +.04

.03

.03

-.02, +.07

-.05

.11

-.27, +.16

Sex

-.18

.10

-.38, +.02

-.35

.09

-.53, -.15

-.12

.45

-1.01, +.77

SR

-.33

.45

-1.21, +.56

FO

-.67

.47

-1.60, +.27

R2 = .03

R2 = .10

R2 = .04

F(2,136) = 1.76, p = .18 F(2,136) = 7.15, p < .05 F(4,134) = 1.53, p = .20
Note. b = unstandardized regression coefficient and 95% CIs = lower and upper confidence
intervals from 5,000 bootstrap samples. SR = self-regulation and FO = future orientation.
The third hypothesis stated sensation seeking would moderate the mediation effects that
self-regulation and future orientation had on age and delay discounting. Moderated mediation
was not supported (R2 = .07, F (7,127) = 1.42, p = .20). The moderated mediation pathways are
displayed in Figure 8 and listed in further detail in Table 8.
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Figure 8. The parallel moderated mediation model with pathways labeled. b =
unstandardized regression coefficient and * = statistical significance.
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Table 8
Regression Coefficients, Standard Errors, and Summary Information for Parallel Mediation
Model with Age-Related Maturation as a Predictor, Self-Regulation and Future Orientation as a
Mediator, Sensation Seeking as a Moderator, and Delayed Discounting as an Outcome
Consequent
Self-Regulation
Antecedent

Future Orientation

Delay Discounting

b

SE

95% CI

b

SE

95% CI

b

SE

95% CI

Age

-.02

.03

-.07, +.03

.03

.03

-.02, +.08

-.10

.11

-.33, +.12

Sex

-.18

.11

-.39, +.03

-.32

.10

-.53, -.13

-.07

.46

-84, +1.00

SR

2.25

4.32 -6.31, +10.81

FO

-2.44 4.32 -10.98, +6.10

SS

.31

1.63

-2.91, +3.53

SR X SS

-.32

.52

-1.35, +.71

FO X SS

.20

.51

-.80, +1.21

R2 = .03

R2 = .08

F(2,132) = 1.72, p = .18 F(2,132) = 5.81, p < .05

R2 = .07
F(7,127) = 1.42, p = .20

Note. b = unstandardized regression coefficient and 95% CIs = lower and upper confidence
intervals from 5,000 bootstrap samples. SR = self-regulation, FO = future orientation, and SS =
sensation seeking.
Discussion
In this study, it was hypothesized that self-regulation and future orientation would
mediate the relation between age and delay discounting. Additionally, it was hypothesized that
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future orientation would be a stronger mediator than self-regulation of delay discounting. Last, it
was hypothesized that sensation seeking would moderate these mediating effects of selfregulation and future orientation on delay discounting. No support for these hypotheses was
obtained from mediation and moderated-mediation analyses.
Some of the findings obtained in this study were consistent with findings from prior
studies. First, there was a positive correlation between future orientation and self-regulation. This
result is consistent with theory and research which suggests that these two processes co-develop
(Steinberg, 2008). Second, self-regulation and future orientation in this sample were related to
delay discounting. As self-regulation and future orientation increased, delay discounting
decreased. This result was also consistent with previous studies (Bridgett et. al., 2015; Steinberg
et. al., 2009). Last, there was a negative correlation between future orientation and sensation
seeking; as sensation seeking increase, future orientation decreased. This finding is also
consistent with the literature (Robbins, 2004).
Limitations
A lack of support for the hypotheses could be due to several factors. One possible reason
is restriction in range (Furr, 2011). Over 40% of the sample was age 16 or older. Given their age
and maturation (Steinberg, 2008), these participants may not be representative of range of
adolescents’ age. If so, then a relationship between age and future orientation and/or selfregulation would be hard to obtain. Consistent with this idea, age in this sample was not
significantly correlated with either future orientation or self-regulation.
Another possible reason is selection and/or attrition (Shadish, Cook, & Campbell, 2002).
Potential participants who thought they were not good at delaying may have decided not to take
part in the study (selection). Participants in the study who could not delaying may have chosen
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not to complete the study (attrition). If either or both of these happened, then there would not be
enough statistical power to see the real connection between age and delayed discounting.
Consistent with this idea, there was no connection in the sample between age and delay
discounting.
Additionally, mediation and moderated mediation may not have been supported if the
Original Monetary Choice Questionnaire didn’t realistically reflect adolescent decision making.
This questionnaire measures impulsivity as it pertains to monetary choices (Kirby et. al., 1999).
However, a more general measure of impulsivity may have better represented typical adolescent
decisions, since this age group may not engage in many financial decisions. It is plausible that
another measure such as the Barratt Impulsiveness Scale (Pattron, Standford, & Barratt, 1995)
may better represent the type of decision-making in the predicted in Dual System Model
(Steinberg, 2008).
Future Directions
Besides focusing on problems of a restriction in range, selection and/or attrition, and
measuring delayed discounting, future studies should focus on other matters too. The design of
the study was cross-sectional which makes temporal precedence unclear (Winer, McKinney,
Bryant, & Llu, 2016). Ambiguous temporal precedence makes it difficult to identify what
variables are causes and what variables are effects (MacKinnon, Fairchild, & Fritz, 2007). For
example, it would not be possible to conclude that a person’s future orientation decreased
delayed discounting, because it is possible that increases ion delay discounting could increase
future orientation. Future researchers should use longitudinal designs in which temporal
precedence is clearer (Winer et al., 2016).
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Furthermore, future investigations should avoid the problem of mono-method bias.
Mono-method bias is when all constructs are measured using the same method (e.g., self-report)
and the method becomes a part of the construct (Shadish et. al., 2002). For example, selfregulation, future orientation, and sensation seeking were measured by self-report. Participants’
scores for these constructs may or may not have differed if direct observations were used.
Measuring self-regulation, future orientation, and sensation seeking with multiple methods could
give a more accurate representation of each construct.
Conclusion
Teens who develop strong self-regulation skills and future orientation tendencies have the
ability to plan and monitor behaviors (Steinberg et al., 2008). This creates an opportunity for
them to be proactive with academics, socializing, and interpersonal functioning. The growth of
self-regulation and future orientation allows adolescents to strategically plan for difficult tasks
now and in their future.

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

30

References
Arnett, J. (1994). Sensation seeking: A new conceptualization and a new scale. Personality and
Individual Differences, 16(2), 289-296
Baltes, P. (1987). Theoretical propositions of lifespan developmental psychology: On the
dynamic between growth and decline. Developmental Psychology, 23(5), 611-626.
Bandura, A. (1982). Self-efficacy mechanism in human agency. American Psychologist, 37, 122147.
Bridgett, D., Burt, N., & Edwards, E. (2015). Intergenerational transmission of self-regulation: A
multidisciplinary review and integrative conceptual framework. Psychological
Bulletin, 141(3), 602-654. doi: 10.1037/a0038662
Calkins, S., Fox, N., & Marshall, T. (1996). Behavioral and physiological antecedents of
inhibited and uninhibited behavior. Child Development, 67(2), 523-540. doi:
10.1111/j.1467-8624.1996.tb01749.x
Cyder, M., Littlefield, A., Coffey, S., & Karyado, K. (2015). Examination of a short version of
the UPPS-P impulsive behavior scale. Addictive Behaviors, 39(9), 1372-1376. doi:
10.1016/j.addbeh.2014.02.013
Dinsmore, D., Alexander, P., & Loughlin, S. (2008). Focusing the conceptual lens on
metacognition, self-regulation, and self-regulated learning. Educational Psychology
Review, 20(4), 391-409. doi: 10.1007/s10648-008-9083-6
Eisenberg, N., Edwards, A., Spinrad, T., Sallquist, J., Eggum, N., & Reiser, M. (2013). Are
effortful and reactive control unique constructs in young children?. Developmental
Psychology, 49(11), 2082-2094. doi: 10.1037/a0031745

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

31

German, A., Shmoish, M., Belsky, J., & Hochberg, Z. (2018). Outcomes of pubertal
development in girls as a function of pubertal onset age. European Journal of
Endocrinology, 179(5), 279-285. doi: 10.1530/eje-17-1025
Göllner, L., Ballhausen, N., Kliegel, M., & Forstmeier, S. (2018). Delay of gratification, delay
discounting and their associations with age, episodic future thinking, and future time
perspective. Frontiers in Psychology, 8, 2304. doi: 10.3389/fpsyg.2017.02304
Gottfredson, M. R., & Hirschi, T. (2005). A general theory of crime. Stanford: Stanford
University Press.
Gottlieb, G. (1992). Individual development and evolution: The genesis of novel behavior. New
York: Oxford University Press.
Green, L., Fry A.F., Myerson J. (1994). Discounting of delayed rewards: a life-span
comparison. Psychological Science, 5(1), 33–36.
Gross, J. J. (2015). Handbook of emotion regulation. New York: The Guilford Press.
Hayes, A. (2013). Beyond Baron and Kenny: Statistical mediation analysis in the new
millennium. Communication Monographs, 76(4), 408-420. doi:
10.1080/03637750903310360
Hirsh, J. B., Morisano, D., and Peterson, J. B. (2008). Delay discounting: interactions between
personality and cognitive ability. Journal of Research in Personality, 42, 1646–1650. doi:
10.1016/j.jrp.2008.07.005
Hoyle, R., & Sherrill, M. (2006). Future orientation in the self-system: Possible selves, selfregulation, and behavior. Journal of Personality, 74(6), 1673-1696. doi: 10.1111/j.14676494.2006.00424.x

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

32

Kirby, N., Petry, M., Bickel, K. (1999). Heroin addicts have higher discount rates for delayed
rewards than non-drug-using controls. Journal of Experimental Psychology: General,
128(1), 78–87.
Lerner, R.M., Lewin-Bizan, S., & Warren, A.E.A. (2011) Concepts and theories of human
development. In Bornstein, M.H. & Lamb, M.E. (Eds.) Developmental science. (pp 113). New York: Psychology Press.
MacKinnon, D., Fairchild, A., & Fritz, M. (2007). Mediation analysis. Annual Review of
Psychology, 58. doi: 10.1146/annurev.psych.58.110405.085542
Miyake, A., & Friedman, N. (2012). The nature and organization of individual differences in
executive functions. Current Directions in Psychological Science, 21(1), 8-14. doi:
10.1177/0963721411429458.
Moilanen, K.L. (2007). The adolescent self-regulatory inventory: The development and
validation of a questionnaire of short-term and long-term self-regulation. Journal of
Youth and Adolescence, 36, 835-444. doi: 10.1007/s10964-006-9107-9
Myerson, J., Baumann, A., & Green, L. (2014). Discounting of delayed rewards: (A)theoretical
interpretation of the Kirby questionnaire. Behavioural Processes, 107, 99-105. doi:
10.1016/j.beproc.2014.07.021
Neal, D. J., & Carey, K. B. (2005). A follow-up psychometric analysis of the self-regulation
questionnaire. Psychology of Addictive Behaviors, 19(4), 414–422.
https://doi.org/10.1037/0893-164X.19.4.414
Nurmi, K.-E. (2005). Think about and acting upon the future: Development of future orientation
across the life span. In A. Stratham & J. Joireman (Eds.), Understanding behavior in the
context of time: Theory, research, and application (pp. 31-57). Mahwah, NJ: Erlbaum

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

33

Olson, E., Hooper, C., Collins, P., & Luciana, M. (2007). Adolescents’ performance on delay
and probability discounting tasks: Contributions of age, intelligence, executive
functioning, and self-reported externalizing behavior. Personality and Individual
Differences, 43(7), 1886-1897. doi: 10.1016/j.paid.2007.06.016
Pattron, J., Stanford, M., & Barratt, E. (1995). Factor structure of the Barratt Impulsive Scale.
Journal of Clinical Psychology, 51, 768-774. doi: 10.1002/1097-4679
Pichardo, C., Justicia, F., de la Fuente, J., Martinez-Vicente, J., 7 Berben, A. (2014). Factor
structure of the self-regulation questionnaire at Spanish universities. Spanish Journal of
Psychology, 17(62), 1-8. doi: 10.1017/sjp.2014.63
Read, D., & Read, N. L. (2004). Time discounting over the lifespan. Organizational Behavior
and Human Decision Processes, 94(1), 22–32. doi: 10.1016/j.obhdp.2004.01.002
Robbins, R. (2004). Relationships between future orientation, impulsive sensation seeking, and
risk behavior among adjudicated adolescents. Journal of Adolescent Research, 19(4),
428-445. doi: 10.1177/0743558403258860
Sameroff, A. (2010). A unified theory of development: A dialectic integration of nature and
nurture, Child Development, 81, 1, 6-22. doi: 10.1111/j.1467-8624.2009.01378.x
Scheres A, Dijkstra M, Ainslie E, Balkan J, Reynolds B, & Sonuga-Barke E. (2006). Temporal
and probabilistic discounting of rewards in children and adolescents: effects of age and
ADHD symptoms. Neuropsychologia, 44(11), 2092–2103. doi:
10.1016/j.neuropsycgologia.2005.10.012
Schmid, K., Phelps, E., & Lerner, R. (2011). Constructing positive futures: Modeling the
relationship between adolescents’ hopeful future expectations and intentional self-

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

34

regulation in predicting positive youth development. Journal of Adolescence, 34(6),
1127-1135. doi: 10.1016/j.adolescence.2011.07.009
Shadish, W., Cook, T., & Campbell, D. (2002). Experimental and Quasi-Experimental Designs
for Generalized Casual Inference. Belmont, CA: Wadsworth Cengage Learning, pp.5463.
Sharma, L., Markon, K. E., 7 Clark, L. A. (2014). Toward a theory of distinct types of
“impulsive” behaviors: A meta-analysis of self-report and behavioral measures.
Psychological Bulletin, 140(2), 374-408. doi: 10.1037/a0034418
Shulman, E., Harden, K., Chein, J., & Steinberg, L. (2014). Sex differences in the developmental
trajectories of impulse control and sensation-seeking from early adolescence to early
adulthood. Journal of Youth and Adolescence, 44(1), 1-17. doi: 10.1007/s10964-0140116-9
Shulman, E., Smith, A., Silva, K., Icenogle, G., Duell, N., Chein, J., & Steinberg, L. (2016). The
dual systems model: Review, reappraisal, and reaffirmation. Developmental Cognitive
Neuroscience, 17, 103-117. doi: 10.1016/j.dcn.2015.12.010
Sisk, C., & Foster, D. (2004). The neural basis of puberty and adolescence. Nature
Neuroscience, 7(10), 1040-1047. doi: 10.1038/nn1326
Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking.
Developmental Review, 28(1), 78-106. doi: 10.1016/j.dr.2007.08.002
Steinberg, L., Graham, S., O’Brien, L., Woolard, J., Cauffman, E., & Banich, M. (2009). Age
differences in future orientation and delay discounting. Child Development, 80(1), 28-44.
doi: 10.1111/j.1467-8624.2008.01244.x

DISPOSITIONAL PREDICTORS OF DELAY DISCOUNTING

35

Towe, S., Hobkirk, A., Ye, D., & Meade, C. (2015). Adaptation of the monetary choice
questionnaire to accommodate extreme monetary discounting in cocaine
users. Psychology of Addictive Behaviors, 29(4), 1048-1055. doi: 10.1037/adb0000101
Werner, H. (1957). The concept of development from a comparative and organismic point of
view. In D.B. Harris (Ed.) The concept of development (pp. 125-148). Minneapolis:
University of Minnesota Press.
Whiteside, S., & Lynam, D. (2001). The five factor model and impulsivity: Using a structural
model of personality to understand impulsivity. Personality and Individual Differences,
30(4), 669-689. doi: 10.1016/S0191-8869(00)00064-7
Winer, S., Mckinney, C., Bryant, J., Llu, R. (2016). Distinguishing mediational models and
analysis in clinical psychology: Atemporal associations do not imply causation. Journal
of Clinical Psychology, 72(9). doi: 10.1002/jclp.22298
Zuckerman, M. (1979). Sensation seeking: Beyond the optimum level of arousal. Hillsdale, NJ:
Lawrence Erlbaum Associates.

